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Neuropsychology: Music of the hemispheres
Lauren Stewart* and Vincent Walsh†
Music may be the food of love but it is also good fodder
for cognitive scientists. Here we highlight a recent study
of a neuropsychological patient who has lost her ability
to read music, but not text, in the absence of any other
musical deficit.
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The English conductor Thomas Beecham insisted that
“The plain fact is that music per se means nothing”. But
like language, music is universal: every culture uses music
to mark rites of passage, to relax and to communicate [1].
The power of music to affect our emotional responses has
led some to believe that “the ultimate mystery of musical
experience...is not susceptible to neurological study” [2],
while others argue that “clarifying the relationship between
music and the brain is a legitimate goal of scientific
research” [3]. Music can be studied in terms of its similar-
ity to language; both functions consist of an arbitrary
visual notation that can be mapped onto sounds which
have meaning [4]. But one can list as many differences as
there are similarities between music and language, and
findings from brain-damaged patients showing that losses
of verbal or musical function can be dissociated suggest
that music can be viewed as a functionally distinct process
that requires a unique set of cognitive operations [5,6].
The questions for cognitive neuroscience concern the na-
ture of these cognitive operations and how they are instan-
tiated in the brain. 
That musical ability can be fractionated is well known to
the musical community: Thomas Beecham, for example,
defined a musicologist as “someone who can read music but
not hear it”. More formal demonstrations of dissociations of
musical function have come from the amusia literature,
where selective deficits in music perception, performance,
reading or writing have been documented [7]. But selective
deficits of musical processing after brain damage are rare, as
the patient must earlier have shown a high level of musical
ability. A recent study [8] of a professional musician who
suffered damage to the left posterior temporal cortex and
the right occipito-temporal cortex (Figure 1) shows that the
ability to read or write music can be selectively impaired.
Cappelletti et al. [8] investigated a 51 year-old professional
musician who had suffered an episode of acute encephali-
tis and was in a coma for two days. Before the illness,
patient ‘PKC’ composed and performed music and songs
professionally. She played the piano and guitar and had
published over 60 songs. She was an experienced musical
proof-reader and could sight-read and sight-sing at the
piano. Following the brain damage, she could no longer
read musical notes, either by naming, singing or playing
them. The deficit was specific to musical notation; reading
Figure 1
A model of how we read musical notes [8].
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and writing of text was normal and all other musical func-
tions were spared, for example, she could remember and
play familiar melodies and novel melodies.
Cappelletti et al. [8] propose a model for reading music as a
framework for explaining their patient’s deficit (Figure 2).
In this model, music and language are distinct processes
from the outset. At the level of visual/auditory recognition,
non-musical and musical elements are processed in paral-
lel, with the musical elements being encoded in an
abstract, supramodal musical system. Information about
these abstract representations, for musical parameters
such as pitch and duration, are in turn conveyed to spe-
cific motor pathways, innervating, for example, the vocal
musculature (for singing) or the hand muscles (for playing
an instrument). Patient PKC’s deficit appears to be
restricted to the initial channelling of musical elements to
the abstract musical system when the musical elements
take the form of notes on the stave. The fact that she could
remember and play melodies suggests that her abstract
musical representations and the pathways downstream of
them are intact.
The identification of component processes of music is, of
course, only the overture to the neurobiological under-
standing of music. Neuroimaging studies have already
begun to elucidate the neural networks involved in
reading, playing, listening and emotionally responding to
music [9–13]. Justine Sergent’s work [3,10], for example,
has shown that music requires a high degree of multi-
modal interaction — as anyone who has learned to play an
instrument will know. The combination of information
from different modalities is central to sight-reading,
requiring a visuo-motor mapping of novel material. 
Sergent et al. [10] were able to demonstrate that the brain
areas associated with sight-reading were not activated by
either of the components of sight reading — key pressing
or score reading. In other words, the ‘sight-reading area’
was only active when the input of one modality and the
output of another needed to be co-ordinated. This study
also showed that reading music and carrying out the visuo-
motor transformations required for playing the keyboard
activated brain areas close to, but separate from, the areas
involved in verbal tasks. Taken in the context of these
and other neuroimaging results [14–16], the deficits exhib-
ited by Cappelletti et al.’s [8] patient are likely to be due
to the right occipito-temporal lesion, rather than to the left
posterior temporal lesion, as activation in the latter area
has not, to date, been associated with reading music.
The use of neuroimaging techniques, in combination
with psychological models of the kind proposed by Cap-
pelletti et al. [8], provides a rational basis for investigat-
ing the neural correlates of music’s component
processes: perceptual structure and organization, memory,
lexical–semantic associations, and sensori-motor integra-
tion. Studies of musical skill acquisition will also shed
light on the neurobiology of perceptual learning and
visuomotor plasticity [7]. Once these component processes
are well understood, it will be both appropriate and useful
to ask how the brain coordinates these distinct cognitive
processes to achieve the vastly complex and integrated
end result that is music.
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Figure 2
Brain sites activated in a PET study of sight
reading [3] and lesion sites in patient PKC [8].
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Posterior superior parietal site, bilaterally activated during sight-reading
on keyboard but not during performance of component tasks [3]
Extrastriate visual areas, bilaterally activated during score reading but
not during viewing of dots
Lesion site in patient PKC; right occipito-temporal cortex [8]
Lesion site in patient PKC; left posterior temporal cortex
References
1. Sloboda JA: Musical Perceptions. New York: Oxford University Press;
1994. 
2. Henson RA: Further observations on the neurology of music:
musical notation and pitch discrimination. Br Med J 1977,
1:1121-1125.
3. Sergent J: Music, the brain and Ravel. Trends Neurosci 1993,
16:168-172.
4. Brust JC: Music and language: musical alexia and agraphia. Brain
1980, 103:367-392.
5. Peretz I, Kolinsky R: Boundaries of separability between melody
and rhythm in music discrimination: a neuropsychological
perspective. Q J Exp Psychol A 1993, 46:301-325.
6. Zatorre RJ: Discrimination and recognition of tonal melodies after
unilateral cerebral excisions. Neuropsychologia 1985, 23:31-41.
7. Marin OSM, Perry DW: Neurological aspects of musical
processing. In Psychology of Music, 2nd edn. Edited by D Deutsch.
New York: Academic Press; 1992: 653-724.
8. Cappelletti M, Waley-Cohen H, Butterworth B, Kopelman M:
A selective loss of the ability to read and write music. Neurocase
2000, 6:332-341.
9. Blood AJ, Zatorre RJ, Bermudez P, Evans AC: Emotional responses
to pleasant and unpleasant music correlate with activity in
paralimbic brain regions. Nat Neurosci 1999, 2:382-387.
10. Sergent J, Zuck E, Terriah S, MacDonald B: Distributed neural
network underlying musical sight-reading and keyboard
performance. Science 1992, 257:106-109.
11. Halpern AR, Zatorre RJ: When that tune runs through your head: a
PET investigation of auditory imagery for familiar melodies.
Cereb Cortex 1999, 9:697-704.
12. Hund-Georgiadis M, von Cramon DY: Motor-learning-related
changes in piano players and non-musicians revealed by
functional magnetic-resonance signals. Exp Brain Res 1999,
125:417-425.
13. Krings T, Topper R, Foltys H, Erberich S, Sparing R, Willmes K,
Thron A: Cortical activation patterns during complex motor tasks
in piano players and control subjects. A functional magnetic
resonance imaging study. Neurosci Lett 2000, 278:189-193.
14. Nakada T, Fujii Y, Suzuki K, Kwee IL: ‘Musical brain’ revealed by
high-field (3 Tesla) functional MRI. Neuroreport 1998,
9:3853-3856.
15. Perry DW, Zatorre RJ, Petrides M, Alivisatos B, Meyer E, Evans AC:
Localization of cerebral activity during simple singing. Neuroreport
1999, 10:3453-3488.
16. Platel H, Price C, Baron JC, Wise R, Lambert J, Frackowiak RS,
Lechevalier B, Eustache F: The structural components of music
perception. A functional anatomical study. Brain 1997,
120 (2):229-243.
Dispatch R127
